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Abstract: Sepsis-induced cardiomyopathy (SICM) may be defined as a non-ischemic cardiac
dysfunction associated with sepsis. SICM is characterized by a decrease in left ventricular
contractility, ultimately associated with left ventricular dilation, with or without right ventricular
dysfunction. Echocardiography stands as the current gold standard in diagnosis of SICM. Left
ventricular ejection fraction (LVEF) is the most frequently utilized parameter for evaluating left
ventricular systolic function, but some traditional parameters, including LVEF, are dependent on
cardiac preload and afterload, limiting their clinical application. Advanced echocardiography
techniques, such as speckle-tracking analysis, have the potential to diagnose and evaluate
myocardial dysfunction even in the early phases of sepsis, facilitating risk stratification for proactive
personalized treatment of patients. This article reviews the progress in the application of various
echocardiographic parameters in SICM.
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1. Introduction

Sepsis-induced cardiomyopathy (SICM) is a reversible acute myocardial dysfunction unrelated
to myocardial ischemia and represents a component of multiorgan failure caused by sepsis and septic
shock [1]. The prevalence of SICM ranges from 18% to 40%, or even 70% in some reports [2]. The
mortality rate of SICM is as high as 70-90%, which is two to three times higher than that of sepsis
patients without cardiac involvement [3]. SICM is clinically characterized by a sharp decrease in left
ventricular contractility, which may be accompanied by left ventricular dilation, with or without right
ventricular failure. Echocardiography stands as a widely used and essential tool for the diagnosis
and prognostic evaluation of SICM, assessing myocardial systolic and diastolic function, and changes
in ventricular chambers in patients with sepsis. Advanced ultrasound techniques such as three-
dimensional echocardiography, speckle-tracking echocardiography (STE), color or spectral Doppler
imaging, and tissue Doppler imaging (TDI) provide more detailed insights into cardiac function and
hemodynamics in SICM [1]. Each hemodynamically unstable patient should undergo critical
ultrasonography for evaluation [4]. A recent study has demonstrated that cardiac ultrasound
assessment in patients with sepsis facilitates hemodynamic management, enabling earlier
withdrawal of vasopressors and reducing 28-day mortality [5]. This article aims to review the
progress in the application of various echocardiographic parameters in SICM.

2. Parameters Reflecting Left Ventricular Systolic Function

There is still no consensus on the definition of SICM, and it is generally believed that left
ventricular ejection fraction (LVEF) is a sign of SICM. Several indicators that assess left ventricular
systolic function, namely LVEF, stroke volume (SV), and cardiac output (CO), are highly dependent
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on both preload and afterload of the heart. These indicators simultaneously reflect the extent of
fluid resuscitation/vascular leakage (i.e., preload) and vasoparalysis/responsiveness to vasoactive
agents (i.e., afterload), making it difficult to distinguish whether the observed dysfunction is caused
by myocardial dysfunction or hemodynamic disturbances during shock [6,7]. A low LVEF (< 50%)
determined solely during sepsis does not prossess prognostic value for SICM [8]. TDI and STE,
which consider the loading conditions of the cardiovascular system, such as afterload-dependent
CO or ventriculoarterial coupling, are promising ultrasonic methods [9].

2.1. Left Ventricular Ejection Fraction

As an indicator of left ventricular systolic function, LVEF is the first echocardiographic
parameter for diagnosing SICM [10]. Typically, LVEF < 50% and the existence of left ventricular
dilation are the diagnostic criteria for SICM [11]. Based on LVEEF, left ventricular dysfunction can be
classified into mild abnormality (LVEF between 41% and 51%), moderate abnormality (LVEF
between 30% and 40%), and severe abnormality (LVEF below 30%) [12]. Bedside assessment of
LVEEF is relatively easy. However, LVEF is not a sensitive indicator of left ventricular systolic
function. Juanzhen et al. [13] found no significant difference in initial LVEF between sepsis
survivors and nonsurvivors. The heart's adaptive response to acute reductions in left ventricular
systolic function is ventricular dilation, which maintains CO through the Starling mechanism [14].
This adaptive response may be even more crucial than LVEF. LVEF may overestimate systolic
function in cases of severe infectious vasodilation, leading to underdiagnosis of SICM. The
reduction in afterload caused by distributive shock may pseudo-normalize LVEF, and a patient
with "normal LVEF" in severe shock (vasodilation) may be in a worse condition than a patient with
"low LVEF" but no shock [15]. It is important that LVEF cannot detect early changes in SICM and
may have neither diagnostic nor predictive value for SICM prognosis [1]. Assessment of myocardial
function in sepsis needs to consider ventriculoarterial coupling (reduced afterload in early sepsis),
which should be reassessed after initial fluid resuscitation and the use of vasoactive agents [16].
Additionally, when reporting LVEF in critically ill patients, it is recommended to simultaneously
report the severity of shock and the use of vasopressors and positive inotropic agents.

2.2.5Vand CO

Both SV and CO can be calculated by measuring the diameter of the left ventricular outflow tract
and the velocity—time integral. SV and CO are also influenced by cardiac preload and afterload. The
presence of low systemic vascular resistance (SVR) may falsely elevate the measured CO, and CO
does not necessarily reflect intrinsic cardiomyocyte function/contractility, thus normal CO does not
exclude the presence of SICM [15].

2.3. Peak Systolic Velocity of the Mitral Annulus

The peak systolic velocity (s') measured at the mitral annulus via TDI is another suitable
surrogate for assessing left ventricular systolic function. The s' reflects left ventricular systolic
function and correlates with LVEF. Compared with LVEEF, s' exhibits less dependence on loading
conditions. However, a meta-analysis encompassing 13 studies did not reveal any significant
difference in s' values between SICM survivors and nonsurvivors [17]. The measurement of s' is also
susceptible to angle limitations, as it involves a unidirectional (longitudinal) and single-segment
(one-dimensional) assessment. The feasibility of s in critically ill patients is approximately 62% [18].

2.4. Global Longitudinal Strain of the Left Ventricle

STE was first described in 2004. Given that it is minimally influenced by cardiac load and
myocardial compliance, it stands as one of the most accurate ultrasonic methods for assessing
myocardial function in various cardiac conditions, including SICM [1]. Using a non-Doppler
automated algorithm, STE tracks selected myocardial segments throughout the cardiac cycle via the
displacement of acoustic "speckles." The displacement of myocardial speckles along the
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longitudinal axis represents the contractility of the heart from base to apex [15]. Among the
measures of cardiac function using STE, global longitudinal strain (GLS) exhibits the highest level
of consistency and reproducibility [1]. At present, left ventricular GLS, measured by STE, is
considered more sensitive and specific than LVEF in diagnosing myocardial dysfunction and may
serve as a robust parameter for SICM risk stratification and prognostic evaluation. GLS represents
the ratio of the maximum change in myocardial longitudinal length during systole to the original
length during diastole, with a normal range of —17% to -23%. A higher negative value indicates
better performance [15]. A decrease in the negative value of GLS can signify more subtle alterations
in myocardial function in patients with septic shock, enabling the detection of left ventricular
systolic dysfunction even before a decline in LVEF becomes evident. The advantage of speckle
tracking lies in its resistance to the pseudo-normalization of LVEF caused by reduced afterload [15].
According to Ng et al. [19], patients with septic shock exhibited more myocardial damage than
those with sepsis alone (GLS of —18.3% and -14.5%, respectively), despite normal LVEF in both
groups. The same authors also demonstrated the reversibility of SICM, with GLS values of -14.5%
at diagnosis and -16.0% upon recovery (P = 0.010) [19]. GLS, independent of LVEF, can predict
cardiovascular outcomes and provide prognostic information. Poorer GLS values in patients with
severe sepsis and septic shock correlate with higher mortality rates [20]. However, the limitation of
GLS lies in its reliance on good imaging quality, which may increase costs. Additionally, the
reliability and accuracy of this method are influenced by various external factors, such as artifacts
and noise. While GLS shows promising potential for the diagnosis and prognostic assessment of
SICM, large-scale studies are needed to determine its clinical value.

2.5. Mitral Annular Plane of Systolic Excursion

Mitral annular plane of systolic excursion (MAPSE) stands as a promising assessment tool for
SICM. In a 2018 study, MAPSE emerged as the sole statistically significant predictor of mortality
[21]. The advantages of MAPSE include its ease of acquisition and its similarity to GLS, albeit
without the need for speckle tracking or Doppler. Furthermore, MAPSE is easily reproducible and
may be a useful measure of left ventricular systolic function for SICM assessment. However, its
limitations include the potential interference of local wall motion abnormalities, calcification, and
prosthetic valves, which may hinder the accuracy of measurements [22].

3. Parameters Reflecting Left Ventricular Diastolic Function

In patients with septic shock, especially those receiving large amounts of fluid resuscitation, an
elevation in end-diastolic volume is common, potentially leading to adverse outcomes [2]. Similar
to left ventricular systolic function, variations in definitions and lack of consensus on diagnostic
techniques complicate the diagnosis of left ventricular diastolic dysfunction [23].The early diastolic
peak velocity of the mitral annulus (e') and the early diastolic peak velocity of mitral blood flow (E),
detected by TDI, are considered key indicators of left ventricular diastolic dysfunction and reliable
parameters for predicting mortality in SICM patients [24]. The e’ is one of the least load-dependent
measures of left ventricular diastolic dysfunction. The E/e' ratio correlates with left ventricular end-
diastolic pressure, and a high E/e' ratio indicates elevated left ventricular end-diastolic pressure and
low compliance. However, in patients with SICM, the correlation between the E/e ratio and
compliance is not as strong as in congestive heart failure, making it an imperfect surrogate for left
ventricular end-diastolic pressure. In a meta-analysis, e' was found to be relatively independent of
preload, and mortality in severe sepsis patients was associated with lower e' and higher E/e' ratio
[25]. Lanspa et al. [26] introduced a simplified definition of left ventricular diastolic dysfunction in
sepsis patients, based on e' <8 cm/s and changes in E/e' ratio (< 8 as grade I, 8-13 as grade I, and >
13 as grade III). Using this approach, 87% of patients with severe sepsis or septic shock were
identified as having diastolic dysfunction [26]. A limitation of the E/e’ ratio is that local wall motion
abnormalities, mitral valve disease, age, mechanical ventilation, and pericardial disease may affect
its accuracy [27]. The e' wave may lead to an overestimation of the severity of diastolic dysfunction.
In addition, in hyperdynamic CO, mitral annular velocity is influenced by the heart rate [2].
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4. Parameters Reflecting Right Ventricular Function

Although the definition of SICM is based on left ventricular systolic dysfunction, both ventricles
may be affected [28]. In a meta-analysis including 1373 patients with sepsis and septic shock, the
incidence of right ventricular dysfunction was 35% [29]. Right ventricular dysfunction is associated
with longer stays in the intensive care unit and higher risks of early and long-term mortality [30,31].
Right ventricular dysfunction involves decreased right ventricular ejection fraction and reduced
dilation, often related to left ventricular systolic and/or diastolic dysfunction. The correlation between
right ventricular dysfunction and adverse outcomes may be a false positive [32]. The complex
geometry of the right ventricle makes its assessment difficult, and the use of tricuspid annular plane
systolic excursion (TAPSE) or S wave for right ventricular assessment is limited to longitudinal
assessment [16].

4.1. TAPSE

TAPSE is an indirect indicator for evaluating right ventricular function by describing the
shortening from the apex to the base of the heart. It represents the simplest and most reproducible
measurement method for assessing right ventricular function. A TAPSE value <17 mm suggests
abnormal right ventricular function and is linked to heightened illness severity and mortality in
SICM [33]. However, a 2020 study by Lahham et al. [34] did not find a correlation among severe
sepsis, septic shock, and TAPSE values. Vieillard-Baron et al. [35] defined right ventricular failure
as right ventricular dilation (right ventricular/left ventricular end-diastolic area > 0.6) and systemic
congestion (central venous pressure > 8 mm Hg). Based on this definition, 42% of 282 patients with
septic shock exhibited right ventricular dysfunction, while 63.5% of the patients with right
ventricular dysfunction had normal TAPSE values [35]. Therefore, further large-scale randomized
controlled trials are needed to provide accurate data on TAPSE as a prognostic tool for SICM.

4.2. GLS of the Right Ventricle

The right ventricular GLS measured by STE may be a promising parameter for detecting right
ventricular dysfunction, although the correlation between right ventricular strain and TAPSE or
other parameters used to assess right ventricular function is moderate [16].

5. Parameters Reflecting the Overall Ventricular Function

SICM can damage the left ventricle, right ventricle, or both. The myocardial performance index
(MPI), also known as the Tei index, is a Doppler-derived index. It is calculated using the following
formula: MPI = (ventricular isovolumic contraction time + ventricular isovolumic relaxation
time)/ejection time. A lower MPI indicates a better prognosis. A 2019 study by Nizamuddin et al.
[36] showed that deterioration in MPI over 24 hours was linked to a significant increase in 90-day
mortality rate. The advantage of MP1 lies in its ability to simultaneously reflect myocardial systolic
and diastolic functions. Unlike ejection fraction, MPI is independent of preload, heart rate, and
ventricular anatomy. However, due to reduced left ventricular afterload during sepsis, there may
be variations in MPI measurements, thereby reducing the accuracy of MPI measurements.
Currently, validation studies on this method are limited, and further large-scale trials are needed to
determine the value of MPI in assessing the prognosis of SICM.

6. Other Parameters

In addition to assessing the function and size of the left and right ventricles, echocardiography
can also provide insights into the condition of the pericardium and large blood vessels, which is
crucial for ruling out other differential diagnoses of SICM, such as sepsis-related Takotsubo
cardiomyopathy, pericardial effusion, aortic dissection, and acute coronary syndrome [15]. The
diameter and collapsibility of the inferior vena cava, as well as the B-line quantification from lung
ultrasound, represent promising surrogate markers for right ventricular function in SICM and
warrant further investigation.
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7. Conclusions

In summary, SICM is increasingly recognized as a major dangerous complication of sepsis and
septic shock, which has a significant effect on patient prognosis. In addition to compromising left
ventricular systolic function, patients with SICM also experience left ventricular diastolic
dysfunction and right ventricular involvement. Although echocardiography plays a pivotal role in
the diagnosis, treatment, and prognosis of SICM, there is currently no single reliable and
universally applicable echocardiographic parameter for the diagnosis of SICM [37]. Further clinical
studies with larger sample sizes are required to explore the clinical application value of different
echocardiographic parameters and new echocardiographic techniques in SICM.
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